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(54) TiUe: SECRETORY LEUKOCYTE PROTEASE INHIBITOR AS AN INHIBITOR OF TRYPTASE 
(57) Abstract 

Secretory leukocyte protease inhibitor (SLPI) and active fragments thereof have been found to inhibit the proteolytic activity of 
irypiasc. A method for treating a mast-cell mediated condition in a mammal comprises administering to the mammal an effective amount 
of a pharmacologically active fragment or mutcin of SLPI. Treatment of asthma or allergic rhinitis in a mammal comprises administering 
to the mammal an effective amount of SLPI or a pharmacologically active fragment or mutein thereof. Treatment of a mast-cell mediated 
condition in a mammal by gene therapy comprises introducing DNA coding for SLPI or a pharmacologically active fragment thereof mto 
the mammal by means of a vector capable of delivering DNA to the cell nucleus, resulting in secretion of SLPI or an active fragment 
thereof. Cenain fragments and muteins of SLPI. as well as methods for inhibiting tryptase and for identifying inhibiiois of irypiase are also 
disclosed and claimed. 
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Secretory Leukocyte Protease Inhibitor 
as an Inhibitor of Tryptase 



AJS95/11445 



Field 

This invention relates to inhibition of proteases, and more particularly, 
to inhibition of tryptase by secretory leukocyte protease inhibitor (SLPI). 

g^ckgrpund 

Vasoactive intestinal peptide (VIP) is a bronchorelaxant which is absent 
from or present only at relatively low levels in the lungs of asthmatics, but 
present in lungs of nonasthmatics- See Ollerenshaw et aL, N. Engl. J. Med., 
22JL 1244-1248 (1989). This implies that VIP is a factor in normal lung function 
and that its depletion may play a causal role in the pathogenesis of asthma. 
VIP is degraded by tryptase, a serine protease which is found in large quantities 
in mast cells and is released upon mast cell degranulation. See Tarn and 
Caughey, Am. J. Respir. Cell Mol. Biol., 2, 27-32 (1990); and Wenzel et al.. Am. 
Rev. Respir. Dis., 12L 1002-1008 (1988). Thus, it has been hypothesized that if 
tryptase action in the lung could be inhibited, VIP levels would be higher than 
if the action of tryptase were not inhibited. Tryptase inhibition logically 
provides a method of treatment for mast-cell mediated diseases, e.g., asthma. 

The activities of extracellular proteases are usually tightly controlled 
through the secretion of protein-based inhibitors. See Travis et aL, Ann. Rev. 
Biochem., 52/ 655-709 (1983). No biological inhibitors for tryptase have been 
disclosed in the literature to date. Many known serine protease inhibitors, 
including secretory leukocyte protease inhibitor (SLPI, also known as human 
seminal inhibitor-I (HUSI-I) and antileukoprotease-1 (ALP-1)) have been 
tested as tryptase inhibitors. See Smith et al., J. Biol. Chem., 259. 11046-11051 
(1984); Hochstrasser et al., Eur. Arch. Otorhinolaryngol., 242, 455-458 (1993); 
and Alter et al.. Arch. Biochem. and Biophys., 276, 26-31 (1990). Little or no 
tryptase inhibitory activity has been reported, however. 

It would be desirable to have tryptase inhibitors, a procedure for 
identifying such inhibitors, and means for treating mast cell- and /or tryptase 
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related disorders, 
invention. 
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Such advances in the art are the subject of the present 



Svmmary 

5 The applicants have now discovered that SLPI is a potent inhibitor of 

the proteolytic activity of tryptase. SLPI inhibits tryptase degradation of VIP 
with a Ki value of approximately 8 nM, indicating that there is a tight, 
pharmacologically useful interaction between SLPI and tryptase. This is the 
first identification of a naturally- occurring human protein that can inhibit 
10 tryptase. 

Given the tight interaction demonstrated between SLPI and tryptase, it 
is possible to reach pharmacologically useful levels of SLPI in the body, e.g., for 
the treatment of asthma and other mast cell mediated diseases, as well as 
diseases in which the levels of tryptase activity are elevated due to increased 

15 protein production, decreased clearance, or decreased inhibitor levels. 

The discovery of the ability of SLPI to inhibit tryptase was facilitated by 
the applicants' development of an improved assay to measure the proteolytic 
activity of tryptase on a biologically relevant substrate, e.g., vasoactive 
intestinal peptide (VIP). This peptide was provided with a suitable reporter 

20 group such as dansyl on its N-terminus, then used as a substrate for tryptase in 
the assay. The degradation products were separated, and the concentration of 
the VIP or labelled fragments was determined from the fluorescence of the 
dansyl group. 

In one of its aspects, the invention relates to a method for treating a 
25 mast cell-mediated condition in a mammal, which comprises administering 
to such mammal an amount of a pharmacologically active fragment of SLPI or 
mutein thereof which is effective to treat the mast cell-mediated condition. 

In another of its aspects, the invention relates to a method for treating 
the conditions of asthma and allergic rhinitis in a mammal, which comprises 
30 administering to such mammal an amount of SLPI or a pharmacologically 
active fragment or mutein thereof which is effective to treat the condition. 

In yet another of its aspects, the invention relates to a method of 
inhibiting tryptase, which comprises contacting tryptase with an amount of 
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SLPI or a pharmacologically active fragment or mutein thereof which is 
effective to inhibit the proteolytic activity of the tryptase. 

In a further aspect, the invention relates to a method for identifying 
inhibitors of tryptase activity, comprising the following steps: 
5 (a) providing tryptase or tryptase-containing material having an 

assayable amount of enzymatic activity; 

(b) incubating the tryptase or tryptase-containing material with a test 
substance to be assayed for its ability to inhibit tryptase activity; 

(c) adding a tryptase substrate which is a synthetic peptide 
10 comprising at least 10 amino acids and a detectable label; 

(d) monitoring cleavage of the tryptase substrate as a function of 
time; and 

(e) determining the inhibitory effect of the test substance on tryptase 
by comparing the cleavage of the substrate by tryptase in the 

15 absence and presence of test substance. 

Yet another aspect of the invention involves a "gene therapy" method 
of treating a mast cell-mediated condition in a mammal, which comprises 
introducing DNA coding for SLPI or a pharmacologically active fragment 
20 thereof into the mammal, by means of a vector capable of delivering DNA to 
the cell nucleus, resulting in secretion of SLPI or an active fragment thereof. 



Description o f the drawing 

The invention will be better understood from a consideration of the 

25 following detailed description (see following glossary for abbreviations used), 
taken in conjunction with the drawing, in which 

Fig. 1 is an HPLC elution profile of the enzymatic digest of Dns-VIP by 
human mast cell tryptase, showing separation of VIP fragments consisting of 
amino acids 1-14, 1-15, 1-20, and 1-21 from full-length VIP (1-28); 

30 Fig. 2 is a plot of the time course of formation /disappearance of Dns- 

VIP-(1-14) (closed circles), Dns-VIP-(l-15) (open squares), Dns-VIP-(l-20) (open 
circles), Dns-VIP-(l-21) (open triangles), and Dns-VIP (closed triangles) upon 
enzymatic digestion of Dns-VIP by human mast cell tryptase; 

3 
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Fig. 3 is the HPLC elution profile from a reverse phase C-18 column 
purification of crude nasal secretions, showing absorbance at 280 nm (left axis, 
solid line), the % inhibition in the GPK-AMC assay (right axis, solid 
diamonds), and the gradient; 
5 Fig. 4 shows the Dixon plot for the inhibition of tryptase by recombinant 

SLPI in the VIP assay using both 0.2 (diamonds) and 0.8 (squares) jiM VIP, the 
rate of loss of the full-length VIP (1-28) being monitored; 

Fig. 5 shows the HPLC elution profile of acid treated SLPI from a C-8 
reverse-phase column, absorbance at 215 nm (solid line) and the elution 
10 gradient (dashed line) being plotted vs. retention time; 

Figs. 6A and 6B show the HPLC elution profiles of the N- and C- 
terminal domains, respectively, of acid-treated SLPI from a C-18 column; 6A 
shows absorbance al 215 run (solid line) and elution gradient (dashed line) vs. 
retention time for peak 1 from the C-8 column; 6B shows the same analysis as 
15 in Fig. 6A but for peak 2 from the C-8 column; 

Figs. 7A and 7B show Dixon plots for the inhibition of the proteolytic 
activity of tryptase by the N- and C-terminal domains of SLPI, respectively, in 
the VIP assay at 0.4 (squares) and 0.8 (circles) nM VIP, the rate of formation of 
the Dns-VIP-(l-14) degradaUon product being monitored; 

Figs. 8A and 8B show Dixon plots for the inhibition of the proteolytic 
activity of tryptase by the N- and C-terminal domains of SLPI, respectively, in 
the GPK assay at 20 (squares) and 40 (circles) nM GPK-AMC; 
Fig. 9 shows the amino acid sequence of SLPI. 

25 Detailed description 

This invention is based on the discovery that SLPI inhibits tryptase, a 
serine protease which is a major protein constituent of mast cells. In addition, 
a number of fragments which retain tryptase-inhibiting properties have been 
identified. Accordingly, mast cell- or tryptase-mediated conditions may be 
treated by administering SLPI or pharmacologically active fragments or 
muteins thereof. 

The conditions which may be treated by the method of the invention 
include, e.g., asthma and allergic rhinitis. 
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Both the SLPI and the active SLPI fragments which are useful in the 
invention may be of natural, synthetic, or recombinant origin. Full-length 
SLPI may be purchased commercially; alternatively, SLPI may be isolated from 
natural sources such as seminal plasma, cervical secretions, and bronchial 
secretions by methods well-known to those skilled in the art, see, e.g. 
Thompson et al., Proc Natl. Acad. Sci. USA, S2, 6692-6696 (1986); Klasen and 
Kramps, Biochem. Biophys. Res. Commun., m 285-289 (1985). The DNA 
sequence of full-length SLPI is known, see, e.g., Heinzel et al., Eur. J. Biochem., 
m 61-67 (1987) and accordingly, SLPI can be cloned according to methods 
well-known to those skilled in the art; see, e.g., Heinzel, above. 

The SLPI fragments may be the SLPI N-terminal domain of amino acids 
1-49, the C-terminal domain of amino acids 50-107, smaller but still active 
portions of these fragments, or SLPI fragments which encompass some part of 
both the N- and C- terminal domains of SLPI, and muteins thereof. 

Examples of particular peptides which may be used are the amino acid 
sequences 57-107, 57-102, and 5-49 of human SLPI (see Fig. 9), the Leu-72-Arg 
and Leu-72-Lys muteins of the 57-107 and 57-102 sequences of human SLPI, the 
Leu-19-Arg and Leu-19-Lys muteins of the 5-49 sequence of human SLPI, and 
muteins of a fragment of human SLPI having the amino acid sequence: Ser- 
Gly-Lys-Ser-Phe-Lys-Ala^ly-Val-Cys-Pro-Lys-Lys-Ser-Ala-Gln-Cys-Xaa-Leu- 
Arg-Tyr-Lys-Lys-Pro-Glu-Cys-Gln-Ser-Asp-Trp-Gln-Cys-Pro-Gly-Lys-Lys-Arg- 
Cys^Cys-Pro-Asp-Thr-Cys-Gly-Ile-Lys-Cys-Leu-Asp wherein Xaa is Arg or Lys 
(SEQ ID NO:l). Examples of useful peptides containing portions of both the N- 
and C-terminal domains are the 5-102 amino acid sequence of human SLPI 

and muteins thereof. 

Preparation of the N- and C-terminal domains of the SLPI molecule is 
accomplished by hydrolyzing full-length SLPI under mild acid conditions, as 
exemplified below. Other fragments of the SLPI molecule may be prepared as 
disclosed in the following text. 

Fragments of the SLPI protein can be synthesized or produced either in 
bacteria, from the pET-3d vector, or in baculovirus vectors such as pVL1392 or 
pAc-GP67. DNA fragments coding for the 57-107 and 57-102 sequences of the 
C-terminal domain of SLPI can be produced using the polymerase chain 
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reaction using primers 4/5 and 4/7, respectively, in Table I. The Leu-72-Arg 
mutation of 57-107 can be made using primers 5/6 and the Leu-72-Lys version 
can be prepared with primers 5/10. The Leu-72-Arg mutation of 57-102 can be 
prepared using primers 6/7 and the Leu-72-Lys version can be prepared with 
primers 7/10. 



Table I 

Primers for SLPT Ampiifi^a^i^r, 

# Sequence 



1 . GTC GCG GCC GCC TTC ACC ATG AAG TCC AGC (SEQ ID NO:2) 

^ NO^)^"^ (SEQ ID 

3. GGG GAA TTC TCA GTT TGG GGT GTC AAC AGG (SEQ ID NO:4) 

^' NO%)^^^ ^'^^ ID 

^' k!?^.?^^ '^^'^ <=^AC AGG GGA AAC (SEQ ID 

^' ?G? S^^A^Tr'Vr^^^^^ ACT GCC CAG 

(SEQ SnO^ ATT TC 



7. 



8. 



10. 



SS^o?^"^ "^^^ '^^^ ccc ACA CAT G (SEQ ID 

GGG CCA TGG CCT TCA AAG CTG GAG TCT GTC C (SEQ ID NO:9) 



^' n?NaSr "^^^ ^^'^ ™ "^^"^ ^"^^ '^^ (^^^ 



"^GG <^AA CAA GGA GGA AGC CTG GGA AGT GCC CAG 
JsEQ^NoTl)''''^ ''''^ ''''^ ''''^ CCA Ai^ TC 



11. 



15 
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12. GGG CCA TGG GCf CTG GAA AGT CCT TCA AAG CTG GAG TCT 
GTC CTA AGA AAT CTG CCC AGT GCA AGC TTA GAT ACA AGA 
AAC CTG AGT GC (SEQ ID NO:13) 

5 13. GGGGGGGAATTCTCA AACGCAGGATTTCCC ACACATG(SEQ 
ID NO:14) 

14. GGG GGG CCA TGG GCT CTG GAA AGT CCT TCA AAG CTG GAG 
TCT GTC CTC CTA AGA AAT CTG CCC AGT GCA GAA GAT ACA 
10 AGA AAC CTG AGT GCC (SEQ ID NO:15) 

15 GGG GGG CCA TGG GCT CTG GAA AGT CCT TCA AAG CTG GAG 
TCT GTC CTC CTA AGA AAT CTG CCC AGT GCA AGA GAT ACA 
AGA AAC CTG AGT GCC (SEQ ID NO:16) 



(Engineered restriction sites are indicated in bold face type.) 

The resulting DNA fragments are cloned into the appropriate 
expression vector using the restriction sites listed in Table II: 
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Construct 
(residues of 
wild-type SLPI) 

FuUlength^n^ 
(-25 to 107) 

N-terminal (-25 
to 55) 



C-terminal 
wild type 
(57 to 107) 



C-terminal, 

Leu-72-Arg 
(57 to 107) 



Short 

C-terminal, wild 
type (57 to 102) 

Short 

C-terminal, Leu- 
72-Arg (57 to 102) 

Short 

N-terminal, (5 to 
49) 

Short N- + C- 
terminals, 
(5 to 102) 

C-terminal, 
Leu-72-Arg 
(57 to 107) 

Short 

C-terminal, Leu- 

72-Arg 

(57 to 102) 



Table U 
Primers Used 



1/2; PCR of human 
lung RNA 

1/3: PCR using full 
length as template 

4/5; PCR using full 
length as template 



5/6; PCR using full 
length as template 



4/7; PCR using full 
length as template 



6/7; PCR using full 
length as template 



8/9: PCR using full 
length as template 



13/8: PCR using full 
length as template 



5/10: PCR using full 
length as template 



7/10: PCR using full 
length as template 



Restriction Sites 



Notl/EcoRI into pUC 21 (not 
expressed) 

Notl/EcoRI into pUC 21; 
Notl/PvuII into Notl/Smal of 
Baculovirus pVL 1392 

NcoI/BamHI into pET 3d; 
NcoI/BamHI into pAc GP67 
cut with Ncol/Bglll 

NcoI/BamHI into pET 3d; 
NcoI/BamHI into pAc GF67 
cut with Ncol/Bgin 

NcoI/BamHI into pAc GP67 
cut with NcoI/Bgin; 
NcoI/BamHI into pET 3d 

NcoI/BamHI into pAc GP67 
cut with NcoI/Bgin; 
NcoI/BamHI into pET 3d 

Ncol/Bglll into Ncol/Bglll of 
pAc GP67 



NcoI/EcoRI into pAc GP67 cut 
with NcoI/EcoRI 



NcoI/BamHI into pET 3d; 
pAc GP67 cut with Ncol/Bglll 



NcoI/BamHI into pET 3d; 
pAc GP67 cut with NcoI/BgUI 
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N-terminal 

mutein 

(5 to 49) desPro- 
11, Arg inserted 
between 18-19 

N-terminal 
mutein (5 to 49) 
desPro-11, Lys 
inserted between 
18-19 

N-terminal 
Leu-19-Arg 
(5 to 49) 

N-terminal 
Leu-19-Lys 
(5 to 49) 
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9/11: PGR using full 
length as template 



9/12: PGR using full 
length as template 



9/14: PGR using full 
length as template 



9/15: PGR using full 
length as 
template 



Ncol/Bgin into Ncol/Bglll of 
pAc GP67 



Ncol/Bglll into NcoI/BglH of 
pAc GP67 



Ncol/Bglll into Ncol/Bglll of 
pAc GP67 



Ncol/Bglll into Ncol/Bglll of 
pAc GP67 



The genes are then expressed in bacteria with an extra methionine and 
an extra alanine residue at the N-terminus to allow for the initiation of 
translation. In addition, these SLPI fragments can be expressed in the 
baculovirus system with a naturally-occurring baculovirus leader sequence to 
allow for proper processing and excretion of the expressed protein in an active 
state. However, the baculovirus-expressed material contains seven additional 
amino acids derived from the leader sequence. The Leu-72-Arg and Leu-72- 
Lys mutations should result in a substantial decrease in the Kj value for the 
inhibition of tr>'ptase compared to the wUd type SLPI sequence. 

In addition, DNA fragments coding for the 5-49 sequence of the N- 
terminal domain of SLPI can be produced using the polymerase chain reaction 
and primers 8/9. These fragments can be expressed in the baculovirus system 
using the native SLPI leader sequence to allow for proper processing and 
excretion of the active protein. Further, the Leu-19-Arg and Leu-19-Lys 
mutations can be made within the 5-49 sequence using primers 9/14 and 9/15, 
respectively. Two novel sequences derived from the N-terminus of SLPI can 
be constructed using primers 9/11 and 9/12 producing (SEQ ID No:l). A 
fragment of SLPI, 5-102 containing parts of both the N- and G-terminal 
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domains of SLPI can be produced by the polymerase chain reaction using 
primers 8/13. 

Further experimental details of the preparations are known to the 
skilled in the art and require no further elaboration here. 

The method of treating mast cell- or tryptase- mediated conditions may 
be practiced in mammals which exhibit such conditions. 

The inhibitors of the present invention are contemplated for use in 
veterinary and human applications. For such purposes, they will be employed 
in pharmaceutical compositions containing active ingredient(s) plus one or 
more pharmaceutically acceptable carriers, diluents, fillers, binders, and other 
excipients, depending on the administration mode and dosage form 
contemplated. 

Administration of the SLPI or pharmacologically active fragments or 
muteins thereof may be by any suitable mode known to those skilled in the 
15 art. Examples of suitable parenteral administration include intravenous, 
subcutaneous and intramuscular routes. Intravenous administration can be 
used to obtain acute regulation of peak plasma concentrations of the drug as 
might be needed for example to treat acute episodes of airway 
hyperresponsiveness. Improved half-life and targeting of the drug to the 
airway epithelia may be aided by entrapment of the drug in liposomes. It may 
be possible to improve the selectivity of liposomal targeting to the airways by 
incorporation of ligands into the outside of the liposomes that bind to airway- 
specific macromolecules. Alternatively intramuscular or subcutaneous depot 
injection with or without encapsulation of the drug into degradable 
microspheres e.g comprising poly(DL-lactide-co-glycolide) may be used to 
obtain prolonged sustained drug release as may be necessary to suppress the 
development of airway hyperresponsiveness. For improved convenience of 
the dosage form it may be possible to use an i.p. implanted reservoir and 
septum such as the Percuseal system available from Pharmacia. Improved 
convenience and patient compliance may also be achieved by the use of either 
injector pens (e.g. the Novo Pin or Q-pen) or needle-free jet injectors (e.g. from 
Bioject, Mediject or Becton Dickinson). Prolonged zero-order or other 
precisely controlled release such as pulsatile release can also be achieved as 
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needed using implantable pumps. Examples include the subcutaneously 
implanted osmotic pumps available from ALZA, such as the ALZET osmotic 
pump. 

Nasal delivery may be achieved by incorporation of the protein drug 

5 into bioadhesive particulate carriers (<200 ^im) such as those comprising 
cellulose, polyacrylate or polycarbophil, in conjunction with suitable 
absorption enhancers such as phospholipids or acylcarnitines. Available 
systems include those developed by DanBiosys and Scios Nova. Oral delivery 
may be achieved by incorporation of the drug into enteric coated capsules 

10 designed to release the drug into the colon where digestive protease activity is 
low. Examples include the OROS-CT/Osmet™ and PULSINCAP^m systems 
from ALZA and Scherer Drug Delivery Systems respectively. Other systems 
use azo-crosslinked polymers that are degraded by colon specific bacterial 
azoreductases, or pH sensitive polyacrylate polymers that are activated by the 

15 rise in pH at the colon. The above systems may be used in conjunction with a 
wide range of available absorption enhancers. 

Targeted delivery of high doses of the drug to the site of airway 
hyperresponsiveness can be most directly achieved by pulmonary delivery. 
The lower airway epithelia are highly permeable to wide range of proteins of 

20 molecular sizes up to 20 kDa (e.g granulocyte colony stimulating factor). It is 
possible to spray dry proteins in suitable carriers such as mannitol, sucrose or 
lactose. Micron-sized particles may be delivered to the distal alveolar surface 
using dry powder inhalers similar in principle to those designed by Inhale, 
Dura, Fisons (Spinhaler), Glaxo (Rotahaler) or Astra (Turbohaler) propellant- 

25 based metered dose inhalers. Solution formulations with or without 
liposomes may be delivered using ultrasonic nebulizers. See the following 
references for further discussion of this topic: McElvaney, et al., J. Clin. 
Invest., 2£L 1296-1301 (1992); and Vogelmeier et al., J. Appl. Physiol., 1843- 
1848 (1990). 

30 In addition to administering SLPI through either the pulmonary or 

parenteral routes, the in vivo concentration of SLPI can be increased via a 
gene therapy approach. A synthetic or natural gene that codes for SLPI or a 
pharmacologically active fragment of SLPI can be inserted into an appropriate 

1 1 
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vector and used to transfect cells in vivo to permit production of the SLPI 
protein or an active fragment thereof. One advantage of such a gene therapy 
approach is sustained expression of SLPI within the tissue of interest. Less 
frequent administration of the gene as compared to the protein may lead to 
increased patient compliance. 

Delivery of DNA into mammalian somatic cells for gene expression has 
been achieved by workers in this field using both viral and non-viral 
approaches (e.g. lipid based systems). The ability of viruses to infect cells and 
express foreign DNA has been exploited extensively in recent years (see 
Coumoyer et al.. Human Gene Therapy, g, 203 (1991), and Rosenberg et al., 
New England Journal of Medicine, 222, 570 (1990)). To that end, retrovirus, 
adenovirus, and adeno-associated viruses have been used in human clinical 
studies for a variety of diseases. For example, retrovirus-based vectors have 
been used for the treatment of genetic deficiencies such as adenosine 
deaminase, Gaucher's Disease, and clotting deficiencies, while adeno and 
adeno-associated viral vectors are being used for expression of the cystic 
fibrosis transmembrane conductance regulator gene in airway epithelial cells 
in cystic fibrosis patients. These viruses bind to specific receptors on the cell 
surface and are brought into the cell by endocytosis. Subsequently, the virus is 
able to disrupt the endosome and gain entry into the cell nucleus, allowing for 
expression of the gene of interest. Another method for delivery of a gene for a 
therapeutic protein uses lipophilic vesicles. The lipophilic vesicles are 
designed such that they contain the exogenous DNA of interest. Besides the 
DNA, they occasionally contain molecules that target the vesicle to particular 
target cell (see Feigner et aL, Proc. Natl. Acad. Sci. USA, fi£ 7413, (1987)). 
Experimental details of the preparations are known to those skilled in the art 
and require no further elaboration here. 

As a particular example of the gene therapy approach, gene therapy 
using the SLPI gene for the treatment of asthma is outlined below. Currently, 
the cystic fibrosis transmembrane conductance regulator gene is administered 
to the lungs of cystic fibrosis patients using an El deleted adenovirus vector 
(see Wilson et al. Human Gene Therapy 5, 501-519 (1994)). Adenovirus is a 35 
kb double stranded, nonenveloped DNA virus that is responsible for many 
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types of respiratory infections in humans. To carry out a gene therapy 
approach for the treatment of asthma, the SLPI gene must be targeted to airway 
epithelial cells. In the vector described by Wilson et al. (ibid.) the El region of 
the adenovirus genome was removed, which results in a virus that is unable 
5 to replicate. This vector will be used here to deliver the SLPI gene to the lungs 
of asthmatics. The gene for SLPI will be made using PGR on human lung 
RNA using primers 1 and 2 listed in table I. The SLPI gene would be purified 
and cloned into pUC 21 using techniques known to those skilled in the art. 
This construct will be digested with the restriction enzymes Not I and Eco RI 

10 and the SLPI gene purified, blunted and then inserted into the plasmid 
pAd.CB-CFTR in place of the CFTR gene. This new construct contains a 
minigene consisting of the CMV enhancer region, the chicken P-actin 
promoter, the SLPI cDNA and the SV40 late gene polyadenylation site. This 
plasmid is used to make recombinant SLPI adenovirus using the procedures as 

15 described by Wilson et al. (ibid.). Also, virus is produced according to their 
protocols. The patient will be transfected by administering the recombinant 
virus to the lung in normal saline given through a bronchoscope. The exact 
dose of virus would have to be experimentally determined by performing a 
dose escalation starting at approximately 5 x 105 plaque forming units and 

20 going up to 2 X IQio plaque forming units. 

In the above-discussed gene therapy approach to treating mast cell- 
mediated conditions in mammals, a variety of conditions and treatment 
details may be contemplated. In one embodiment, the mast cell-mediated 
condition is asthma and the DNA-containing vector is introduced into the 

25 lung, as discussed above. In a second embodiment, the mast cell-mediated 
condition is allergic rhinitis and the DNA-containing vector is introduced into 
the nose. Depending on the particular case, the vector may be selected from 
the group consisting of adenovirus, adeno-associated virus, a retrovirus, and 
neutral or cationic liposomes. The DNA which is to be employed in the gene 

30 therapy treatment may be DNA which codes for SLPI, or DNA which codes for 
a pharmacologically active fragment of SLPI. The pharmacologically active 
fragment of SLPI may comprise the N-terminal domain of the SLPI molecule. 
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the C-terminal domain of the SLPI molecule, or portions of both the N- 
terminal and C-terminal domains of the SLPI molecule. 

The amount of the pharmaceutical composition to be employed will 
depend on the recipient and the condition being treated. The requisite 
amount may be determined without undue experimentation by protocols 
known to those skilled in the art. Alternatively, the requisite amount may be 
calculated, based on a determination of the amount of tryptase which must be 
inhibited in order to treat the condition. As the active materials contemplated 
in this invention are deemed to be nontoxic, treatment preferably involves 
administration of an excess of the optimally required amount of active agent. 

Regarding the process of inhibiting tryptase by contacting it with SLPI, 
the discussion above relating to possible sources of the SLPI and active SLPI 
fragments, the conditions which may be treated, possible SLPI fragments and 
muteins, and preparation of the active fragments also applies. In addition, 
however, this aspect of the invention applies not only to mammals, but also 
has other applications, including purification of tryptase and analysis of 
biological tissues for tryptase. 

To facilitate further study of the physical and biological properties of 
tryptase, it is desirable to have highly purified enzyme, substantially free of 
contaminants. In the prior art, tryptase is purified from a homogenate of 
human lung using a series of chromatographic steps. This purification 
procedure is complex, time consuming, provides poor yields, and can result in 
tryptase which is not completely homogeneous. Further, to determine the 
role of tryptase in the development of disease, it is necessary to be able to 
determine conveniently the concentration of tryptase in various biological 
samples. 

The present invention answers these needs by providing 1) an 
improved method for purifying tryptase, and 2) an improved method for 
determining tryptase in biological fluids and exh-acts. Both of these improved 
procedures are based on applicants' discovery that SLPI is an inhibitor of 
tryptase. The method of purification is simpler, more convenient, faster, and 
results in higher yields and more highly purified enzyme than the prior art 
purification procedure. The procedure for determining tryptase allows the 
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concentration of active tryptase in a sample to be determined, as opposed to a 
determination of total tryptase, some of which may be inactive or complexed 
with an inhibitor. 

Regarding the claimed method for identifying inhibitors of tryptase 
5 activity, the following comments may be made. 

The tryptase or tryptase-containing material having an assayable 
amount of enzymatic activity is purified or commercially-obtained tryptase, or 
tryptase-containing tissue such as lung or skin. Preparation of tissue samples 
involves extraction as discussed below. 
10 The test substance to be assayed for its ability to modulate tryptase 

activity is a natural or synthetic compound. Examples include commercially 
available proteins, conditioned media from cell lines, and various tissue 
extracts. 

The tryptase substrate is a labeled peptide or protein. Examples of 
15 naturally occurring tryptase substrates are the VIP employed in this 
application, CGRP, PHM, and muteins thereof. Examples of suitable labels are 
the dansyl, dabcyl, Abz, and fluorsceinyl groups. 

Detection of the unreacted labeled substrate or the cleavage product of 
the reaction between tryptase and the labeled substrate is a function of the 
20 particular label used. In the case of the above-listed labels, the reaction 
mixtures are separated by HPLC, and the fluorescence of the labeled materials 
is monitored at an appropriate wavelength. 

Finally, the inhibitory effect of a range of test substance concentrations is 
determined by measuring the reaction rates at a minimum of two different 
25 substrate concentrations, and constructing a Dixon plot (1 /velocity vs inhibitor 
concentration), from which the type of inhibitor and the Ki value are obtained. 

Experimental 

Further understanding of the invention may be derived from a 
30 consideration of the following examples. 

niossary of materials, terms, sources, etc ; 

Abz stands for the group 2-aminobenzoyl(anthranilyl). 

15 
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Acetonitrile (HPLC grade) was purchased from J.T, Baker (Philadelphia, 

PA). 

ACN stands for acetonitrile. 

Ab2-His-Lys-Ala-Arg-Val-Leu-p-Nitro-Phe-Glu-Ala-Nle-Ser-NH2 (SEQ 
ID NO:20) was obtained from BACHEM Bioscience (Cat. No. H-1044). 

Anhydrotrypsin-Sepharose was obtained from Takara Biochemical, Inc., 
Berkeley, CA. 

Anti-tryptase monoclonal antibody was obtained from Dako (U.K.). 
Ascaris suum extract was obtained from Greer Labs (Lenoir, N.C.). 
Baculovirus vector pVL 1392 is available from Invitrogen, San Diego, 
CA; pAc GP67 is available from Pharmingen, San Diego, CA. 
BAL stands for bronchoalveolar lavage. 

Tl\e Bird respirator was from Bird Products, Corp, Palm Springs, CA. 
BOC stands for the t-butyloxycarbonyl group. 
CGRP stands for calcitonin gene-related peptide. 

Cyanogen bromide-activated sepharose is obtained from Pharmacia, 
Piscataway, NJ. 

Cynomolgus monkeys were obtained from Biomedical Research 
Foundation (Houston, Tx). 

Dabcyl stands for the 4-(4-dimethylamino phenylazo)- benzoyl group. 
Dansyl histidine was purchased from Research Plus (Bayonne, NJ). 
DMSO stands for dimethylsulfoxide, available from the Aldrich 
Chemical Co. (Milwaukee, WI). 

E-64 is N-[N-(L-3-trans-carboxyoxiran-2-carbonyl)-L-leucyl-agmatine and 
is available from Sigma Chemical Co. (St. Louis, MO). 

Ethanedithiol was purchased from the Aldrich Chemical Co. 
(Milwaukee, WI). 

GPK-AMC stands for Gly-Pro-Lys-Aminomethylcoumarin. 

HBSS stands for Hank's balanced salt solution, which is 0.4 g/L KCl, 0.06 
g/L KH2PO4, 8.0 g/L NaCl, 0.35 g/L NaHCOa, 0.048 g/L NajHPO*, 1.0 g/L 
glucose, and 0.01 g/L phenol red. 

Heparin (procine mucosal) was obtained from Sigma Chemical Co., St. 
Louis, MO. 
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Heparin-sepharose was obtained from Pharmacia (Piscataway, NJ). 
High salt buffer is 10 mM MES at pH 6.1, 2.0 M NaCl, and 0.02 % sodium 

azide. 

Ketamine was obtained from Henry Schein, Port Washington, NY. 
Lidocaine was obtained from Henry Schein, Port Washington, NY. 
Low salt buffer is 20 mM MES at pH 6.1, 150 mM NaCl, and 0.02 % 
sodium azide. 

MES is 2-(N-morpholino)ethanesulfonic acid and is obtained from 
Sigma Chemical Co. (St. Louis, MO). 

Micro-vials for the auto-injector on the HP1090 were obtained from 
SunBrokers (Wilmington, NC). 

MWCO stands for "molecular weight cut off". 

NMP-IIBTU Fmoc chemistry is chemistry based on N- 
methylpyrrolidone/2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyl-uronium 

hexafluorophosphate/9-fluorenylmethoxy- carbonyl . 

Octyl-sepharose was obtained from Pharmacia (Piscataway, NJ). 

PBS stands for phosphate buffered saline, and consists of 0.21 g/L 
KH2PO4, 9.0 g/L NaCl, and 0.726 g/L Na2HP04*7H20. 

pET 3d vector is available from Novagen, Madison, WI by license. 

PHM stands for peptide histidine-methionine and is available from 
Sigma Chemical Co. (St. Louis, MO). 

PMC stands for the 2,2,5,7,8-pentamethylchroman-6-sulfonyl group. 

Pneumotachometer is from Hans Rudolph, Inc., Kansas City, MO. 

PTC amino acid analysis (where PTC stands for phenylthiocarbamoyl) 
was carried out in accordance with the procedure of Dupont, D. R., Keim, P. S., 
Chui, A. H., Bello, R., Bozzini, M., and Wilson, K. J. in Techniqugg in Prptgin 
Chemistry: A cQmpre hpnsive approach to amino acid analysis (Hugli, T. E., 
Ed) pp. 284-294, Academic Press, San Diego, (1989). 

pVL 1392 is a baculovirus vector available from Invitrogen, San Diego, 

CA. 

Rink resin was obtained from Novabiochem (La JoUa, CA). 
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Sample buffer (IX) is 0.45 M Tris (pH 8.5), 2.25% SDS, 10% glycerol plus 
2.5% BME, where SDS stands for sodium dodecyl sulfate, and BME stands for 
beta-mercaptoethanol. 

SDS-PAGE tricine buffered gels were obtained from Novex, San Diego, 
CA. SDS-PAGE stands for sodium dodecyl sulfate - polyacrylamide gel 
electrophoresis and tricine stands for N-Itris-(hydroxymethyl)-methyllglycine. 

SLPI stands for secretory leukocyte protease inhibitor. This material is 
also known by other names, including the following: bronchial inhibitor, 
human seminal inhibitor-1 (HUSI-1), antileucoprotease-l (ALP-1), cervix- 
uterus-secretion inhibitor (CUSI-1), and bronchial-secretion inhibitor (BSI). 
Recombinant SLPI was purchased from R + D Systems (Minneapolis, MN). 

Sodium acetate was purchased from the Sigma Chemical Co. (St. Louis, 

MO). 

System Gold software was used with the Beckman model 126 HPLC and 
is supplied by Beckman. 

TAME assay employs p-tosyl-L-arginine methyl ester. 

t-Butyl methyl ether was purchased from Aldrich Chemical Co. 
(Milwaukee, WI). 

TFA stands for trifluoroacetic acid and was purchased from Pierce 
(Rockford, II). 

Thioanisole was purchased from Aldrich Chemical Co. (Milwaukee, 

WI). 

TPCK stands for L-l-chloro-3-l4-tosylamidoJ-4-phenyl-2-butanone and is 
available from Sigma Chemical Co. (St. Louis, MO). 

Tris stands for tris-(hydroxymethyl)aminomethane and was purchased 
from the Sigma Chemical Co. (St. Louis, MO). 

Triton X-100 was purchased from the Sigma Chemical Co. (St. Louis, 

MO). 

TRT stands for ti\e trityl group. 

Turbochrome Chromatography Software is used with the amino acid 
analyzer, peptide synthesizer, and protein sequencer and is available from P.E. 
Nelson (Cuppertino, CA). 

Undansylated VIP was purchased from Sigma (St. Louis, Mo). 
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Vydac C-18 reverse phase HPLC column (2.2 x 25 cm) was obtained from 
Vydac, Hesperia, CA. 

Xylazine was obtained from Henry Schein, Port Washington, NY. 
Yohimbine was obtained from Henry Schein, Port Washington, NY. 
5 Amino acids and other peptide synthesis reagents besides those listed 

above were obtained from Applied Biosystems (Foster City, CA). 

EXAMPLE 1 
PEPTIDE SYNTHESIS 

10 

Dansylated VIP (28 amino acids) was synthesized on an Applied 
Biosystems model 430A peptide synthesizer using NMP-HBTU Fmoc 
chemistry. The side chain protecting groups used were: TRT for asparagine 
and aspartic acid; t-butyl for serine, tyrosine, and threonine; BOC for lysine; 

15 and PMC for arginine. The peptide was synthesized on rink resin, with the 
dansyl-histidine coupled as the final N-terminal amino acid. Cleavage and 
deprotection was performed in 88% TEA, 4% thioanisole, 2% ethanedithiol, 
4% liquefied phenol, and 2% H2O for 2 hours at room temperature. The crude 
peptide was precipitated with t-butyl methyl ether, centrifuged at 3000 RPM in 

20 a Sorval® RT 6000D model table top centrifuge for 5 minutes and washed twice 
in t-butyl methyl ether. Product dansyl-VIP (Dns-VIP) was purified by reverse- 
phase HPLC using a Vydac C-18 reverse phase column (2.2 x 25 cm). 
Purification was achieved using an isocratic separation with 28% ACN, 0.1% 
TEA, at a flow rate of 10 ml/min. Under these conditions, dansyl-VIP eluted 

25 as a single peak with a retention time of 12.5 minutes. The purified material 
was lyophilized and stored at -20''C until needed. The peptide was dissolved 
in 0.1% TEA to achieve a stock peptide concentration of 1 mM. The 
composition and concentration of dansyl-VIP was determined by amino acid 
analysis. Samples were hydrolyzed under argon in the vapor phase using 6 N 

30 hydrochloric acid with 2.0% phenol at IBO^'C for 2 hr. PTC amino acid analysis 
was performed on an Applied Biosystems model 420A Derivatizer with on- 
line model 130A Separation System and Turbochrome Chromatography 
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Software. Data was normalized to the known composition of VIP. See Mutt, 
Ann. NY Acad. Sci., S2Z 1-20 (1988). 



EXAMPLE 2 

PURIFICATION OF HUM AN LUNG TRYPTA<;f 



Mast cell tryptase was purified to homogeneity from fresh human lung 
samples with minor modifications to the published procedure of Smith, T. J., 
Hougland, M. W., and Johnson, D. A., J. Biol. Chem., 252/ 11046-11051 (1984). 
All steps were performed at 4°C. Briefly, 400 g of frozen or fresh human lung 
was cut into approximately 1 cm square pieces, placed in a Waring blender 
with 500 ml of ice-cold water, blended for 1 min. on a setting of 1, then 
centrifuged for 20 min. at 10,000 x g. The resulting pellet was then blended in 
500 ml of low salt buffer, then centrifuged again as above. This procedure was 
repeated 5 times to remove blood and other contaminants. After the last 
centrifugation, tryptase was extracted from the pellet by blending in 500 ml of 
high salt buffer for 2 x 2 min. on a blender setting of 7. The sample was then 
centrifuged as above and the high salt extraction was repeated. The resulting 
supematants, containing the tryptase, were pooled and filtered through cheese 
cloth to remove fat particles. Cetylpyridinium chloride 0.09 % (wt/vol) was 
added after the high salt extraction. Next, an ammonium sulfate precipitation 
was performed. Solid ammonium sulfate was added to the crude high salt 
extract to a final concentration of 45% saturation (on ice). After 20 min. the 
sample was centrifuged at 20,000 x g for 30 min. The "pellet" floated to the 
surface due to the high density of the crude extract and was removed by 
carefully decanting the supernatant and filtering it through cheese cloth. The 
supernatant containing the tryptase was further purified by hydrophobic 
interaction chromatography using octyl-sepharose. The 45% ammonium 
sulfate supernatant was batch absorbed to octyl-sepharose (200 ml) equilibrated 
in 45% ammonium sulfate (Buffer A). The resin was poured into a column (5 
X 10 cm), washed with 10 column volumes of Buffer A (2 ml/min.) and eluted 
with a linear gradient (200 ml each) into 10 mM MES (pH 6.1)(Buffer B). 
Tryptase activity was monitored using the GPK-AMC assay as described below. 
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The active fractions were pooled and diluted with ice-cold water to a 
conductivity of 29 mmho. The sample was immediately loaded onto a 
heparin agarose column (20 ml) prepared according to Schwartz, L. B., J. 
Immunol., IM. 526-531 (1984), equilibrated in 10 mM MES (pH 6.4) plus 0.1 M 
5 NaCl at a flow rate of 1 ml/min. The column was washed with 10 mM MES 
(pH 6.1) plus 10% glycerol, and tryptase was eluted with a linear gradient into 
the same buffer plus 1 M NaCl (100 ml each). Fractions (1 ml) were collected 
into test tubes containing heparin (10 ^ig/ml final). Active fractions were 
pooled, concentrated by Centriprep 10 (Amicon) and stored at -80'*C until use. 

10 Tryptase concentration was determined by the absorbance at 280 nm using the 
extinction coefficient from Smith et al. (above). 

Protein purity was determined by silver staining of reducing 10-20% 
SDS-PAGE tricine buffered gels that were run according to the manufacturer s 
specifications. The purified tryptase was homogeneous as judged by silver 

15 staining. The band appeared diffuse with a molecular weight centered around 
31,000 g/mole. This same band reacted in a Western blot analysis using the A2 
anti-tryptase monoclonal antibody (from Dako Inc.) at a 1:500 dilution 
according to the manufacturer's specifications. The specific activity of the 
protein was 97 U/mg in the TAME assay, which is comparable to previously 

20 reported values of Smith, above (1 U = 1 micromole product formed per 
minute). 

EXAMPLES 
GPK^AMC ASSAY FOR TRYPTASE ACTIVITY 
25 MEASURED IN A 96-WELL MICROTTTER PLATE 

Tryptase activity was measured according to the procedure of Schwartz, 
et al., J. Biol. Chem., 261. 7372-7379 (1986), with minor modifications, using 
Gly-Pro-Lys-Aminomethylcoumarin (GPK-AMC) as a substrate. The reaction 
30 was performed in assay buffer (0.1 M Tris, pH 8.0, 10 Hg/ml heparin) at room 
temperature in a 96- well microtiter plate (Perkin-Elmer, Norwalk, CT). The 
amotmt of coumarin produced by tryptase was determined by measuring the 
fluorescence (ex = 372 nm, em = 432 nm) on a Perkin-Elmer LS-50B 
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fluorimeter equipped with a plate reader. 50 ^1 of tryptase (final concentration 
of 333 pM) was mixed with either 50 ^1 of the sample to be tested or with assay 
buffer and incubated for 5 min. at room temperature. The reaction was started 
by the addition of 50 ^1 of the substrate GPK-AMC in assay buffer plus 0.5% 
DMSO (final concentration of substrate was 33 \iM). The fluorescence 
intensity was measured every 5 minutes. For samples that were being tested 
for modulators of tryptase activity, the % inhibition for each fraction was 
determined by: 

% inhibition = 100x11- FO/Fl] 

where FO is the fluorescence of the unknown and Fl is the fluorescence of the 
tryptase-only control. One unit of activity for the iiUiibitors is defined as the 
amount needed to achieve 50% inhibition in the assay using the conditions as 
described. 

EXAMPLE 4 
VIP ASSAY FOR TRY PTASE ACTTVTTY 

Ispi^tipn pf VIP fragmPTits 

A reaction mixture consisting of 0.5 mg of dansyl-VIP, 0.6 ng tryptase in 
100 mM Tris-HCl, pH 7.8, containing 10 Hg/m\ heparin was incubated at SVC 
for 30 minutes. The reaction was stopped by the addition of TFA to a final 
concentration of 3% (v/v). Approximately 95% of the full length peptide was 
cleaved at this time and the products were purified using C-18 reverse-phase 
chromatography (Vydac column, 5 micron, 0.46 x 25 cm) by elution with a 
linear gradient of 20-35 % ACN (plus 0.1% TFA) over 20 minutes (25''C, 1 
ml /min). Chromatography was performed using a Beckman HPLC equipped 
with a model 168 diode array detector and System Gold software. Absorbance 
peaks (215 nm) were collected, concentrated by a Speed Vac concentrator 
(Savant, Farmingdale, NY), and characterized. Purified dansyl-VIP fragments 
(1-14 and 1-20) were used to generate calibration curves, discussed below. 
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Fig-1 shows that incubation of Dns-VIP with human lung tryptase 
results in the formation of two major and two minor peptide fragments, 
which were subjected to amino acid analysis and mass spectrometry. The 
major peptide fragments were identified as Dns-VIP-(l-14) and Dns-VIP-(l-20) 
5 respectively, and the two minor peptide fragments were identified as Dns-VIP- 
(1-15) and Dns-VIP-(l-21) respectively. The Dns-VIP-(l-21) material elutes as a 
shoulder on the Dns-VIP-(l-20) material. The following retention times were 
observed: Dns-VIP-(M4), 5.4 min; Dns-VIP-(l-15), 4.6 min; Dns-VIP-(l-20), 6.1 
min; Dns-VIP-(l-21), 6.0 min; Dns-VIP, 7.9 min. 

10 Fig. 2 shows the time course of the formation/ disappearance of Dns- 

VIP-(M4) (closed circles), Dns-VIP-(l-15) (open squares), Dns-VIP-(l-20) (open 
circles), Dns-VIP-(l-21) (open triangles), and Dns-VIP (closed triangles). The 
data show that the product-precursor kinetics for the accumulation of the VIP 
fragments was consistent with initial cleavage of VIP occurring after Arg-14 

15 and Lys-20, with similar rates. Once the full-length Ehis-VIP was exhausted, 
the Dns-VIP-(l-20) was further degraded to the Dns-VIP-(l-14). After complete 
digestion with tryptase, the final (stable) dansyl product was predominantly 
Dns-VIP-(l-14), with some Dns-VIP-(l-15), and a small amount of Dns-VIP-(l- 
20) also present. No fragments derived from cleavage after the arginine 

20 residue at position 12 were detected. No measurable N-Dansylated products 
were formed in the absence of added enzyme over a two hour period. 

Generation of Standard Curves for Dns-VIP, Dns-VIP-a-14), and Dns-VIP-fl- 
2Q1 

25 To determine the amount of each product as well as the amount of 

substrate remaining, standard curves were generated by injecting purified Dns- 
VIP-(1-14) and Dns-VIP-(l-20) (0.5 to 200 pmoles) as well as Dns-VIP (20 to 1000 
pmoles). The following equations were used to convert fluorescence peak area 
into pmoles of peptide: for Dns-VIP, y = 34.8 + 36.5 x; for Dns-VIP-(l-14), y = 

30 29.3 + 20.2x; for Dns-VIP-(l-20), y = 0.63 33.0 x, where y is the fluorescence 
peak area and x is the pmoles of peptide injected onto the column. 
Correlation coefficients were greater than 0.997 in all cases. As little as 0.5 

23 

BNSOOCID <WO_9608275A1 J_> 



wo 96/08275 PCT/US95/1 1445 

pmoles of Dns-VIP-(l-14) and Dns-VIP-(l-20) could be detected under the 
conditions employed. 



Measurement of thp initial rate of VIP hydrolysis 

In a typical assay, mast cell tryptase (12.5 pM) was incubated at 37°C with 
dansyl-VIP (0.2-2 jiM) in 100 mM Tris-HCl (pH 8.0) containing 1 ng/ml porcine 
mucosal heparin and 0.02% Triton X-100 in a final volume of 2.0 ml. To 
some samples, secretory leukocyte protease inhibitor was added to a final 
concentration of between 0 and 107 nM. The tryptase was pre-incubated with 
the SLPI, if added, for 5 min. at 37°C before initiating the reaction by the 
addition of Dns-VIP. Aliquots (250 ^il) were removed at 0, 2.5, 5.0, 7.5, 10, and 
20 minutes to micro-vials (Sunbrokers) and the reaction terminated by the 
addition of TFA to a final concentration of 3% (v/v). The acidified reaction 
mixture was subjected to chromatography on a C-18 reverse-phase column 
(Vydac, 5 micron, 0.46 X 25 cm). Peptide hydrolysis was monitored by HPLC 
using a Hewlett Packard HP1090 vmit complete with binary solvent delivery 
and autoinjection capability. Fluorescent detection (postcolumn) was 
performed with an inline Gilson Model 121 filter fluorimeter (excitation at 
310-410 run, emission at 480-520 nm). Dns-VIP fragments were separated from 
any unconverted Dns-VIP using a linear gradient of 69:31 (v/v) to 50:50 (v/v) 
C:D over 5.5 minutes (C=100 mM sodium acetate, pH 6.5 plus 0.2% sodium 
azide, D=80% ACN in water), with return to 69:31 (v/v) C:D at 6.5 minutes. 
Chromatography was performed at 1.0 ml/min at 25°C. The N-terminal 
fluorescent products were identified by subjecting known VIP fragments (see 
above) to chromatography under identical conditions. 

Kinetic ParamptPrs for Dns-VTP Qp gradarion 

The kinetic parameters K^/ kcat, and Vmax for the initial rate of 
formation of Dns-VIP-(l-14) and Dns-VIP-(l-20), as well as the initial rate of 
disappearance of full-length Dns-VIP were determined. Results are shown in 
Table III. The initial velocity for the formation of E>ns-VIP-(l-20) also contains 
the rate for the formation of Dns-VIP- (1-21) since it appears as a shoulder on 
the Dns-VIP-(l-20) peak within the elution profile. A Km value of 0,1 fiM was 
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observed for the formation of both Dns-VIP-(l-14) and Dns-VIP-(l-20) while a 
Km value of 0.5 |iM was observed for the disappearance of Dns-VIP. Tryptase 
was shown to have a slight preference for hydrolysis after Arg-14 over Lys-20, 
demonstrating a kcat/K^ that is almost two-fold higher. The effect of salt 
5 concentration on the initial rates of cleavage of Dns-VIP was measured in 150 
mM NaCl and 10 mM CaCli- In all cases, the kcat/Km values decreased with 
increasing salt concentration. In 150 mM NaCl there was a 9-fold decrease in 
the kcat/Km ratio for the disappearance of Dns-VIP and a 16-fold and 47-fold 
decrease for the formation of Dns-VIP-(l-14) and Dns-VIP-(l-20) respectively. 

10 Interestingly, all the Vmax values increased in 150 mM NaCl, with the largest 
being a 4-fold increase in the rate of formation of Dns-VIP-(l-14). However, 
this effect was offset by an increase in all of the values. Km for Dns-VIP 
increased 14-fold whereas the value for Dns-VIP-(l-14) and Dns-VIP-(l-20) 
increased 59- and 72-fold respectively. The results for 10 mM CaCl2 were 

15 similar in that Km and Vmax values increased and kcat/K^ ratios decreased. 
The kcat/Km ratio for Dns-VIP disappearance decreased almost 5-fold while the 
ratio for the formation of Dns-VIP-(l-14) and Dns-VIP-(l-20) decreased 9-fold 
and 11-fold, respectively. 

20 P^ta Analysis for VW ^SSay. 

Initial reaction velocities were obtained from a linear least squares 
analysis of the linear part of a plot of the number of picomoles of each product 
produced vs. time and where less than 10% of the total Dns-VIP was 
consumed. To determine the Ki value, a Dixon plot of the form 1/V vs. [I] 

25 was made for data collected at two different concentrations of VIP, where V is 
the velocity (pmoles/min) and [I] is the concentration of SLPI used. 
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Table HI 

Kinetic Parameters for EnzvmaHc Clpavag** of Pns-VTP 

Addition (nM) V„ax kcat/Km 

(pmol/min/mg) (M-isecixl07) 

Sequence 1-28 1-14 1-20 1-28 1-14 1-20 1-28 1-14 1-20 

None 0.5 0.1 0.1 4.3 1.3 0.6 1.8 2.3 1.4 

ISOmMNaCl 7.4 7.7 9.4 6.6 4.9 1.1 0.2 0.14 0.03 

10mMCaCl2 4.7 4.1 4.5 8.2 4.5 2.6 0.4 0.25 0.13 



EXAMPLES 
IDENTIFICATION OF ^T PT AS A TRYPTA^^ 
INHIBITOR IN NIA<;a! SECRFTTOMf; 



Partial Purification of Trvptase I nhibitor Using RevprsP-Phas«» 
Chromatography 

Nasal secretions were isolated from a person with chronic sinusitis. 
Samples (usually 2-15 ml) were frozen at -20''C immediately after harvesting 
and stored frozen until needed (less than 6 months). For analysis, 
approximately 5 ml of frozen nasal secretions were thawed and subsequently 
extracted with 10 volumes of 0.1% TFA (at room temperature) by vortexing 
intermittently over a 5 minute period. Insoluble material was removed by 
centrifugation at 10,000 x g for 30 min. The supernatant was then filtered 
through a 0.45 filter. 5 ml of crude extract was subjected to reverse phase 
chromatography on a Vydac C18 column (0.96 x 25 cm), where Buffer E was 
0.1% TFA in water and Buffer F was 0.1% TFA in ACN. The chromatography 
was carried out at 2 ml/min with a wash of 0%F for 5 min. after injection 
followed by a gradient of 0-80%F over 40 minutes, using a Beckman model 126 
HPLC with the System Gold software. The absorbance of the effluent at both 
215 and 280 nm was monitored using a diode array model 168 detector. Figure 
3 shows the elution profile and the inhibitory activity of the various fractions. 
There are 2 peaks of inhibition at a retention time of 20 and 30 minutes, 
respectively, with a shoulder between them at approximately 25 minutes. 
Additional 5 ml aliquots were subjected to the same procedure until all of the 



wo 96/08275 




T/US95/11445 



crude extract was processed. 2 ml fractions were collected and a 200 \iL aliquot 
was dried down in a Savant Speed Vac at room temperature. Once dry, the 
fractions were resuspended in 50 ^iL of 0.1 M tris (pH 8.0) plus lO^g/ml 
heparin (porcine mucosa) and assayed in the GPK-AMC assay using a 96 well 
5 microtiter plate as described above. 

Affinity Purification of Tryptase Inhibitory Activity 
on Anhydrot rypsin Sepharose 

The pooled fractions corresponding to the peak of Fig. 3 having a 

10 retention time of 20 min. were subjected to affinity chromatography on 
anhydrotrypsin sepharose. The samples were lyophilized and then 
resuspended in 0.1% TFA. The pH of the sample was raised to 8.0 with the 
addition of solid Tris base. CaCb was added to a final concentration of 20 mM. 
The sample was then loaded onto the anhydrotrypsin-sepharose column 

15 equilibrated in 0.1 M Tris buffer (pH 8.0) plus 20 mM CaCh at a flow rate of 1 
ml/min, and then washed with 10 ml of the same buffer. The column was 
then eluted with 200 mM NaAc (pH 4.0) plus 20 mM CaCh- The eluted 
material was concentrated in a Centricon-3 concentrator at 5,000 x g (Amicon, 
Beverly, MA). The sample was diluted 10 fold with 10 mM Tris (pH 8.0) and 

20 again concentrated to 100 [iL. Subsequently the sample was dialyzed vs. 0.01% 
SDS using dialysis tubing (Spectrum, Gardena, CA) with a 1 kD MWCO. The 
pellet was resuspended in 40 [i\ of 3X sample buffer (Novex, San Diego, CA) 
plus 2-mercaptoethanol, heated at 100°C for 5 min. and subjected to SDS-PAGE 
on a 10-20% acrylamide, tricine buffered gel (Novex). After electrophoresis, 

25 the protein(s) were transferred to a Problott membrane following standard 
protocols and protein was visualized by staining with 0.1% Coomassie blue in 
50% methanol. The blot was destained in 50% methanol and then air dried. 
One species was visible at 16 kD. This band was cut out of the blot and the 
protein sequences were determined with an Applied Biosystems model 477A 

30 Protein Sequencer operated in the gas phase with on-line model 120A 
Analyzer and PE Nelson Turbochrom Software. This N-terminal sequence 
analysis identified the species as a proteolytically modified form of human 
SLPI. The identified sequences are as follows: 

27 
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1^: Xaa-Leu-Asn-Pro-Pro-Asn-Phe-Xaa-Xaa-Xaa- (SEQ ID NO:17) 

2^: Xaa-Gly-Lys-Xaa-Phe-Lys-Ala-Gly-Val-Xaa- (SEQ ID NO:18). 

The primary sequence corresponds to an internal proteolytic cleavage within 

the molecule after position 72 and the secondary sequence corresponds to 

mature N-terminus of SLPI. 

Affinity Purification of Trvptase Inhibitory Activit y on a Tryptase Affinity 
Column 

The tryptase inhibitory activity that was identified in crude nasal 
secretions was also purified on a tryptase affinity column. Tryptase was 
purified to homogeneity from human lung as described above. To 
immobilize the tryptase for the affinity chromatography^ heparin sepharose 
was used. 80 of a 1 mg/ml solution of tryptase was made 2 M NaCl to 
dissociate the heparin already bound to the molecule. Heparin-sepharose was 
prepared by swelling enough powder in deionized water to make 4 ml of resin. 
The swelled resin was equilibrated in column buffer consisting of 10 mM MES 
(pH 6.1), 10% glycerol, and 0.02% Triton X-100. The tryptase solution (SO^il) 
that contained 2 M NaCl was added to the resin and the total volume adjusted 
to 10 ml by addition of more colunm buffer. The sample was mixed ovemight 
at 4''C to allow the tryptase to bind to the heparin on the resin. A one ml 
column was prepared from an aliquot of this slurry and washed with 10 ml. of 
column buffer. 

Crude nasal secretions were prepared as described above. 12 ml of crude 
extract (in 0.1% TFA) was adjusted to a pH of 8.05 by the addition of Tris base. 
All steps were performed at room temperature. The sample was centrifuged at 
10,000 X g for 30 min. and the supernatant filtered through a 0.22 |uim filter. 
10.5 ml of a 2,62 mg/ml solution of the filtered extract was loaded onto the one 
ml tryptase affinity column at less than 1 ml /min. The column was washed 
with 75 ml of column buffer until the O.D. at 280 nm of the effluent was less 
than 0.01. Bound proteins were eluted with 0.1 M formic acid at pH 1.7. One 
ml fractions were collected and immediately neutralized with tris base. 
Fractions 1 and 2 were pooled together and dialyzed vs. 1 L of 20 mM 
ammonium bicarbonate using dialysis tubing with a MWCO of 1,000 g/mole. 
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The sample was dialyzed overnight with one change of buffer. After dialysis, 
the sample was dried in a Speed Vac concentrator and then resuspended in IX 
sample buffer (0.45 M Tris (pH 8.5), 2.25% SDS, 10% glycerol plus 2.5% BME) 
for SDS-PAGE analysis on 10-20% acrylamide gels (Novex). 

5 

Amino acid sequence determination of tryptase affin ity purified material 

The proteins that were affinity purified on a tryptase column 
were subjected to SDS-PAGE analysis using 10-20 % acrylamide gels (Novex) 
and run according to the manufacturer's directions. The Problott membrane 

10 was stained with Coomassie blue and revealed four species with molecular 
weights of approximately 55, 13, 9.5, and 9 kD by comparison with Bethesda 
Research Labs' low molecular weight standards. The bands were excised from 
the membrane and subjected to N-terminal sequence analysis as described 
above. The sequence of the N-terminus of the 13 kD species was determined 

15 to be 1**: Xaa-Gly-Lys-Xaa-Phe-Lys-Ala-Gly-Xaa-Xaa- (SEQ ID NO:19). This 
sequence corresponds to the N-terminus of secretory leukocyte protease 
inhibitor (SLPI). 

EXAMPLE 6 

20 INHremON OF TRYPTASE BY RECOMBINANT SLPI 

Fig. 4 shows inhibition by SLPI of the proteolytic activity of tryptase 
using Dns-VIP as a substrate. From this Dixon plot, tryptase appears to be a 
competitive inhibitor and the Ki value for the inhibition of the degradation of 

25 the full length peptide was determined to be 8 nM. This shows that SLPI is a 
potent inhibitor of tryptase and is the first demonstration of tryptase 
inhibition by a biological serine protease inhibitor. Accordingly, SLPI provides 
a non-toxic, non-immunogenic tryptase inhibitor for prevention or 
amelioration of mast-cell mediated diseases. The novel fragments and 

30 muteins of SLPI which retain the inhibitory activity of SLPI will provide 
similar advantages and can be engineered to have advantages such as 
extended half-life, increased potency, and improved pharmacological profiles. 
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EXAMPLE 7 

CI.EAVAGE OF ST.PT INTO N- AMD C-TFRMTMat noMATNf^ 



Formic acid cleavagP of ST PT 

Following published protocols of Van-Seuningen and Davril, Biochem. 
and Biophys. Res. Commun., 1587-1592 (1991), SLPI was cleaved into two 
separate domains using acid cleavage of the Asp-Pro bond located at position 
49-50. Recombinant SLPI was cleaved by reacting 1.3 mg of SLPI in 0.26 ml 70% 
formic acid for 1 week at 40°C. The mixture was then dried in a Speed Vac 
concentrator. Any residual acid was removed by dissolving the sample in 0.25 
ml deionized water and drying in the Speed Vac and then repeating this 
process. The final dried product was resuspended in 0.1 ml of 0.1% TFA in 
water. 

Purification of thp ST PI domains 

The N-terminal and C-terminal domains of SLPI were separated using 
C-8 reverse-phase chromatography (Vydac, 5 micron, 0.46 x 25 cm). Protein 
was eluted with a linear gradient of 20-40% ACN in 0.1% TFA over 30 minutes 
(25°C, 1 ml/min). Chromatography was performed using a Beckman HPLC 
equipped with a model 168 diode array detector and System Gold software. 
The separation yielded 3 major peaks, shown in Fig. 5. The first peak (peak 1) 
eluted in the void fractions (20% ACN) and the second peak (peak 2) eluted at 
31% ACN. A third peak, eluting at 33% ACN, had the same retention time as 
full-length recombinant SLPI that had not been subjected to acid treatment. 
Fractions corresponding to peaks 1 and 2 were separately pooled and then 
further purified using C-18 reverse-phase chromatography. Results are shown 
in Figs. 6A and B respectively. Peak 1 from Fig. 5 (the C-8 elution, 4.6 ml) was 
diluted 1:1 with 0.1% TFA in water and loaded directly onto the C-18 column 
(Vydac, 5 micron, 0.46 x 25 cm). The protein was eluted in a single major peak 
at 23% ACN using a linear gradient of 10 to 40% ACN in 0.1% TFA over 40 
minutes (Fig. 6A). This peak (215 nm) was collected and lyophilized. Peak 2 
from Fig. 5 (C-8 column) was lyophilized and resuspended in 0.1 ml of 0.1% 
TFA prior to chromatography on C-18 under identical elution conditions as 
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for peak 1. The major peak (215 nm) from this sample eluted from the C-18 
column at 29% ACN (Fig. 6B), and was collected and lyophilized. 



Characterization of the purified N- and C-terminal domains of SLPI 
5 Amino acid analyses of the purified SLPI fragments (from Fig. 6) were 

performed on an Applied Biosystems 420A derivatizer with an inline model 
130 A HPLC using 150 pmoles of the protein constituting the major peak of 
Fig. 6A and 74 pmoles of the protein constituting the major peak of Fig. 6B 
after hydrolysis of the samples for 2 hours at 160^C. The results were 

10 compared to the theoretical composition of the two SLPI domains where the 
N-terminal domain corresponds to amino acids 1-49 and the C-terminal 
domain corresponds to amino acids 50-107. The experimentally determined 
composition of material from Fig. 6A matched the composition of the N- 
terminal domain of SLPI with an accuracy of 97%. The experimentally 

15 determined composition of the material from Fig, 6B matched the C-terminal 
domain of SLPI with an accuracy of 90%, as shown in Table IV. The amino 
acid analysis shows 190 |ig of the N-terminal domain (from Fig. 6A) and 47 |xg 
of the C-terminal domain (from Fig. 6B) were obtained, for yields of 29% and 
7%, respectively. 
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Table IV 

Amino acid rompositinns of Peak 1 and Ppak ? 



isolated from the formic acid trpatment of rpr ombinanf <;T PT 



Amino acid 


Peakl 


SLPIi.49a 


Peak 2 


SLPI50-107= 


residue 


(Exp.) 


(Theoretical) 


(Exp.) 


(Theoretical) 


ASP 


2.6 


3 


4.7 


6 


Glu/Gln 


3.2 


4 


3.4 


3 


Ser 


3.6 


4 


2.4 


2 


Gly 


4.1 


4 


6.0 


5 


His 


0.0 


0 


0.1 


0 


Arg 


2.0 


2 


3.0 


3 


Thr 


1.0 


1 


2.8 


3 


Ala 


2.0 


2 


1.0 


1 


Pro 


5.0 


5 


7.4 


8 


Tyr 


n.db 


1 


1.1 


1 


Val 


1.1 


1 


3.5 


4 


Met 


0.0 


0 


3.2 


4 


Cys 


n.d. 


8 


n.d. 


8 


He 


1.1 


1 


0.7 


0 


Leu 


2.2 


2 


3.4 


3 


Phe 


1.1 


1 


1.3 


1 


Lys 


9.4 


9 


6.2 


6 


Trp 


n.d. 


1 


n.d. 


0 



a) The amino acid composition was deduced from the amino acid sequence of 
SLPI with cleavage occurring at the single PrO49-Asp50 bond, b) Tyrosine in 
Peak 1 was omitted due to an interfering buffer peak, n.d.: not determined. 

EXAMPLES 

INHIPITTON OF TRYPTASE BY THF N- AMD C TFRMTN^^y 

DOMAINS OF ST PI 

Inhibition of TryptasP in the VIP assay 

Mast cell tryptase (final 12.5 pM tetramer) was incubated at 
37°C with the N- (1.4-1400 nM) or C- (0.3-300 nM) terminal domains of SLPI in 
500 Ml assay buffer (0.1 M Tris, pH 8.0, 1 ng/ml heparin, 0.02 % Triton X-100) 
for 5 minutes at 37"C. The reaction was initiated by the addition of either 0,4 or 
0.8 fiM dansylated-VIP. At 2.5 and 5.0 minutes a 250 ill aliquot was withdrawn 
and the reaction terminated by pipeting the solution into a microvial 
containing 25 \l\ 30% TFA. The assay conditions were as described above. 
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Data analysis for VTP assay 

To determine the Ki value for each fragment, a Dixon plot of 
the form 1/V vs [IJ was made. These are shown in Fig. 7, and the results are 
listed in Table V. From the Dixon plots, the Kj values for the inhibition of the 
formation of Dns-VIP-(l-14) by the N- and C-terminal domains were shown to 
be 130 nM and 1.6 nM, respectively (Fig. 7). 

Inhibition of Trypt ase in the GPK-AMC Assay 

Inhibitory activity against tryptase and bovine trypsin was 
measured using Gly-Pro-Lys-aminomethylcoumarin as a substrate. The 
reaction was performed in assay buffer that consisted of 0.1 M Tris (pH 8.0), 1 
Hg/ml heparin, 0.02% Triton X-100, with 20 mM CaCb included only in the 
trypsin assays. The amount of coumarin produced was determined by 
measuring the fluorescence (ex = 370 nm, em = 432 nm) on a Perkin-Elmer LS- 
50B fluorimeter. To measure tryptase activity, 12 ^1 of a 1 nM solution of 
tryptase (tetramer) was incubated with either the N- (34 to 650 nM final) or the 
C- terminal (7-150 nM final) domain of SLPI in 1.0 ml of assay buffer for 5 
minutes at 37'C. The reaction was started by the addition of the substrate GPK- 
AMC (20 or 40 ^M final) and the increase in fluorescence was measured over a 
2 minute period. In order to measure trypsin activity, 3.3 |xl of a 10 jig/ml 
solution was incubated with either the N- or C- terminal domains of SLPI, and 
assayed using both 10 and 20 ^M GPK-AMC. To determine K| values, Dixon 
plots of the form 1/V vs [I] were constructed. These are shown in Fig. 8, and 
the results are listed in Table V. The Ki values for the inhibition of the 
tryptase catalyzed cleavage of GPK-AMC by the N- and C-terminal domains 
were determined to be 290 nM and 4.8 nM, respectively (Fig. 8). 

In addition, the two domains of SLPI were able to inhibit the 
proteolytic activity of trypsin as measured by the GPK assay. The C-terminal 
domain inhibited trypsin with a Ki value of 130 nM, while the N-terminal 
domain was unable to inhibit at a concentration of 1800 nM, as indicated in 
Table V. This result for the inhibition of trypsin is in agreement with 
previously published data. 
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Table V 

Summary of K| values for the N- and C-terminal domains 
of SLPI for the ir\hibirion of trypsin and tryptase 
5 Trypsin Tryptase 

N-Term. C-Term. N-Term. C-Term. Full 
SLPI SLPI SLPI SLPI SLPI 

10 GPK-AMC »1300nM 130 nM 290 nM 4.8 nM 

VIP N.D. N.D. 130 nM 1.6 nM 8 nM 

N.D. = not determined 
15 * = SLPI gives a biphasic response in this assay 

Taken together, these results indicate that the N- and C-terminal 
domains of SLPI are potent inhibitors of tryptase activity as measured by both 
20 the GPK and VIP assays. Therefore, these fragments of SLPI should be useful 
for the treatment of asthma and other mast-cell mediated conditions. 

EXAMPLE 9 

PURIFICATION OF HUMA N TRYPTASE FROM CRUDE LUNG 
25 HOMOGENAT ES USING IMMOBILIZED SLPI 

Preparation of immobilized SLPI resin 

10 mg. of recombinant human SLPI is coupled to 5 ml of cyanogen 
bromide-activated sepharose prepared according to the manufacturer's 
30 specifications. The slurry is equilibrated by washing with at least 50 ml of 0.1 
M Tris (pH 8.0), 100 mM NaCl, 0.02% Triton X-100 (Buffer C). The resulting 
immobilized SLPI resin is then ready for use. 

Affinity purificaHon of tryptase 
35 100 g of frozen or fresh human lung is cut into 1 cm square pieces, 

placed in a Waring blender with 100 ml of ice-cold water, and blended for 1 
min. on a setting of 1. The material is next centrifuged for 20 min. at 10,000 x 
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g, then subjected to blending in 100 ml of low salt buffer and centrifuged again 
as above. Tryptase is extracted from the resulting pellet by blending in 100 ml 
of high salt buffer for 2x2 min. on a setting of 7, then centrifuging as above. 
The supernatant, containing the tryptase, is filtered through cheese cloth to 
5 remove fat particles. The filtrate is then mixed with 5 ml of immobilized SLPI 
resin (above). The sample is gently mixed for one hour at room temperature. 
The resin is poured into a column and washed with 100 ml of Buffer C at a 
flow rate of 1 ml/min. The tryptase is then eluted with 0.2 M acetic acid (pH 
4.0) at a flow rate of 0.5 ml/min. The pH of the eluted material is immediately 
10 raised to 7.0 by the addition of Tris base. Fractions containing tryptase activity 
are pooled and dialyzed vs. 10 mM MES (pH 6.1), 10% glycerol, 10 ^g/ml 
heparin, 0.02% Triton X-100, and stored at -SO'^C until used. The purity and 
activity of the enzyme are determined as discussed below. 

15 EXAMPLE 10 

USE OF SLPI TO DETERMINE THE CONCENTRATION OF TRYPTASE IN 

CRUDE BIOLOGICAL SAMPLES 

The sample to be analyzed for tryptase is diluted appropriately in buffer 
20 containing 0.1 M Tris (pH 8.0), 0.02% Triton X-100, and 10 Rg/ml heparin. A 
protease inhibitor cocktail is added including final concentrations of 0.5 
mg/ml EDTA, 0.5 mg/ml E-64, 100 fig/ml TPCK, and 0.7 ^g/ml pepstatin. 
Various known concentrations of SLPI, dissolved in the same buffer, are 
added to the unknown and incubated at 37^C for 10 min. in a total volume of 1 
25 ml. The peptide substrate, Abz-His-Lys-Ala-Arg-Val-Leu-p-Nitro-Phe-Glu- 
Ala-Nle-Ser-NH2 (SEQ ID NO:20), is added to a final concentration of 14 ^M. 
The increase in fluorescence at 420 nm is monitored with an excitation 
wavelength of 330 nm and 5 nm slit widths. The velocity of the reaction is 
measured over a 2 minute period. A plot of fractional tryptase activity 
30 remaining vs. the concentration of added SLPI is constructed. The data is 
analyzed using a non-linear least squares fit (Enzfitter, Biosoft, Ferguson, MO) 
to the equation below as described by Boudier and Bieth, Biochemica et 
Biophysica Acta., 225/ 36-41 (1989): 
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a = 1 - ([E] + ISLPI] + (23 X 10-9) -{([E] + [SLPI] + 
(23 X 10-9))2-4[E][SLPIl}i/2)/2[E] 

5 where a is the fractional tryptase activity remaining, [SLPI] is the molar 
concentration of SLPI added to the reaction, and E is the unknown tryptase 
concentration. The least squares fit to the data allows the determination of the 
tryptase concentration. This method allows the determination of tryptase 
levels in such samples as bronchoalveolar lavage fluid, nasal secretions, blister 
10 fluid, urine, plasma, cell culture conditioned media and various tissue 
extracts. 

SXAMPLE 11 

15 IN VIVO EFFICACY OF SLPI IN AN ANIMAL MODEL OF ASTHMA 

An animal model of human asthma using cynomoigus monkeys has 
been developed (see Gundel, et al.. Am. Rev. Respir. Dis., 146, 369-373 (1992), 
and Wegner, et aL, J. Allergy Clin. Immunol., 87, 835-841 (1991)). The 
20 monkeys are sensitized to an extract from the nematode Ascaris suum and 
undergo acute bronchoconstriction upon inhaling this extract. The in vivo 
efficacy of SLPI was measured in this animal model by determining the abilit}' 
of SLPI to prevent acute bronchoconstriction in response to an airway 
challenge of Ascaris suum extract. 

25 

Measurement of Acute Bronchorestriction in Cynomoi gus Monkeys 

Measurements of airway resistance in response to antigen challenge 
were made on four monkeys every other week. In the first experiment. 
Control #1, only Ascaris antigen was administered. For the second 
30 experiment, SLPI Treatment, both the Ascaris antigen and rhSLPI were 
administered as described below. For the third experiment. Control #2, only 
Ascaris antigen was administered. The two bracketing control experiments, 
before and after the experiment involving treatment with SLPI, provide 
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assurance that the responses of the monkeys to the Ascaris antigen have not 
changed drastically over time. 

Four male cynomolgus monkeys, each weighing 4-8 kg and identified as 
monkeys A, and D, respectively, were fasted for 8-10 hours prior to 

5 undergoing any test procedures. Each was then treated as follows. The 
monkey was anesthetized with a combination of Ketamine (7 mg/kg) and 
Xylazine (1.2 mg/kg) solution administered intramuscularly. After being 
anesthetized, it was placed in a supine position on a heated table. A blood 
sample (approximately 2.5 ml in EDTA) was collected from the femoral vein 

10 and placed on ice. Later the same day a complete blood count analysis was 
performed using a Serono 2000 cell counter. A small amount of 2% lidocaine 
solution was sprayed onto the back of the monkey's throat to aid intubation. 
The monkey was intubated (5.0 Low-rro tracheal tube cut to IS cm, with 
Lidocaine gel on the tip) and placed in a primate pulmonary function chair. 

15 Ophthalmic ointment was placed in its eyes to prevent drying. Water jacket 
heating pads were placed around it and a knit cap placed on its head to prevent 
hypothermia. It was given a deep breath (30 cm H2O) of air using a one liter 
syringe with an attached pressure gauge, then connected to a linear 
pneumotachometer with attached pressure transducers. Data were collected 

20 and analyzed by computer (Modular Instruments). Baseline readings of 
airway resistance were measured at 25 minutes prior to antigen challenge. A 
bronchoalveolar lavage sample (BAL) was taken at 20 minutes prior to antigen 
challenge. For control experiments, at 15 minutes prior to antigen challenge, 
each monkey received phosphate buffered saline (PBS) buffer. For the SLPI 

25 treatment experiment, recombinant human SLPI (rhSLPI) in PBS buffer was 
administered to each monkey 15 minutes prior to antigen challenge. The dose 
of SLPI or Ascaris suum extract was given using a Bird respirator connected to 
a nebulizer. rhSLPI was given for 2 minutes at 15 breaths/minute, over which 
approximately 500 ^1 of an 18.5 mg/ml solution was dehvered to each animal. 

30 Thus, for the SLPI treatment experiment, each animal received approximately 
9.25 mg of rhSLPI, or 1.2-2.3 mg/kg. Antigen challenge using an Ascaris suum 
extract was also given using a Bird respirator connected to a nebulizer and 
administered at 15 breaths /minute for 2 minutes. The dose of Ascaris antigen 
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was the same for all three experiments and for each monkey was as follows: 
monkey A, 1 mg/ml; monkey B, 1 mg/ml; monkey 0.5 mg/ml; and monkey 
D, 0.5 mg/ml. After antigen challenge, airway resistance was again monitored 
and the peak percent increase in resistance was calculated compared to the 
5 second baseline reading taken immediately after administration of placebo or 
drug (SLPI). After measuring the peak increase in airway resistance, a second 
lavage sample was taken at 15 minutes post antigen challenge. All lavage 
samples (1 x 20 ml saline in the right lung for BAL-1 and in the left lung for 
BAL-2) were immediately centrifuged (1,100 rpm for 10 minutes) and then 

10 placed on ice. After centrifugation the cells were resuspended in 2 mis of 
HBSS and cell counts recorded using a hemocytometer. Cytospin slides were 
made from the cell suspension and later stained for cell differential counts. 
After the final lavage the monkeys were weaned from the respirator and 
placed on a heating pad for recovery. Each monkey was given a dose of 

15 Yohimbine (0.1 mg/kg given i.v.) to further aid in the recovery from 
anesthesia. The peak percent increase in airway resistance for each monkey 
following antigen challenge is shown in Table VI. The mean and standard 
error of the mean for the three experiments is shown below the individual 
readings. 

20 



BNSDOCID: <WO_9608275A1_L> 



38 



wo 96/08275 



'/US95/11445 



Tabk VI 

Peak Increase In Ainvay Resistance (%) 



5 Monkey # Control #1 Treatment Control #2 

A 162 144 207 

B 183 185 335 

C 185 155 157 

D 326 74 N. A. 

10 

Mean 214 140 233 

SEM 38 23 53 



N.A. = not available 

15 

The average peak increase in airway resistance for the first experiment. 
Control #1 and for the third experiment. Control #2, was 214 and 233 % 
respectively. When SLPI was given to the animals prior to the antigen 
challenge the peak increase in airway resistance was only 140 %. Therefore 
20 SLPI was able to reduce the acute bronchoconstriction in the cynomolgus 
monkeys. As this monkey model is generally viewed in the field as being an 
acceptable model of the human disease process, these data indicate that SLPI 
would be useful for the treatment of asthma in humans. 



25 Other embodiments of the invention will be apparent to the skilled in 

the art from a consideration of this specification or practice of the invention 
disclosed herein. It is intended that the specification and examples be 
considered as exemplary only, with the true scope and spirit of the invention 
being indicated by the following claims. 

30 
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SEQUENCE T.TfiTTMr; 
(1) GENERAL INFORMATION 

(i) APPLICANT: Muller, Daniel ; Brownell, Elise; Delaria, 
Katherine A. 

(ii) TITLE OF INVENTION: Secretory Leukocyte Protease 
Inhibitor as an Inhibitor of Tryptase 

(iii) NUMBER OF SEQUENCES: 21 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Bayer Corporation 

(B) STREET: 400 Morgan Lane 

(C) CITY: West Haven 

(D) STATE: Connecticut 

(E) COUNTRY: USA 

(F) ZIP: 06516 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 1,3 00 Kb storage 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: System 7.1 

(D) SOFTWARE: Word Perfect 3.0a 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 11 September 1995 

(C) CLASSIFICATION: prelim., 514 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/304,051 

(B) FILING DATE: 12 SEPTEMBER 1994 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: William F. Gray 

(B) REGISTRATION NUMBER: 31018 

(C) REFERENCE/DOCKET NUMBER: MWH 322P1 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (203) 937-2712 

(B) TELEFAX: (203) 937-5492 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(A) Description: 
- Protein 

(iii) HYPOTHETICAL: Yes 

(V) FRAGMENT TYPE: N-terminal fragment 
(ix) FEATURE: 

(A) NAME/KEY: Related to the sequence of the N- terminal 
domain of human SLPI. In the listed sequence Xaa at position 
18 is Arg or Lys. 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Ser Gly Lys Ser Phe Lys Ala Gly Val Cys Pro Lys Lys Ser Ala Gin 

Cys Xaa Leu Arg Tyr Lys Lys Pro Glu Cys Gin Ser Asp Trp Gin Cys 

Pro Gly Lys Lys Arg Cys Cys Pro Asp Thr Cys Gly lie Lys Cys Leu 
35 40 

Asp 

(3) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 

(iii) HYPOTHETICAL: No 
( ix ) FEATURE * 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 

clone human SLPI . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GTCGCGGCCG CCTTCACCAT GAAGTCCAGC ^0 

(4) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(iii) HYPOTHETICAL: No 

(iv) ANTI- SENSE: No 
( i^c ) y z^ *x*U R ^ * 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 
clone human SLPI . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGGGAATTCT GGCAGGAATC AAGCTTTCAC AGG 33 

(5) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 

(iii) HYPOTHETICIAL : No 

(iv) ANTI -SENSE: No 
( ix ) FEATURE • 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 
make mutein of human SLPI. 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GGGGAATTCT CAGTTTGGGG TGTCAACAGG 30 

(6) INFORMATION FOR SEQ ID NO: 5- 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 32 bases 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingl e 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(ill) HYPOTHETICAL: No 
(iv) ANTI- SENSE: No 
( ix) FEATURE : 

maRfJ;uterro'f^f™r„"fSi*°=^ Polymerase chain Reaction used to 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GGGCCATGGC AACAAGGAGG AAGCCTGGGA AG 32 

(7) INFORMATION FOR SEQ ID NO- 6- 
(l) SEQUENCE CHARACTERISTICS - 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: 

,.r.?^^®^ nucleic Acid: synthetic 

(ill) HYPOTHETICAL: No 
(iv) ANTI -SENSE: No 
(ix) FEATURE: 

n,aJ*lte^o'f?u^'?Sl'°" Polymerase chain Reaction used to 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CCCGGATCCG AATCAAGCTT TCACAGGGGA AAC 33 

(8) INFORMATION FOR SEQ ID NO- 7- 

( i ) SEQUENCE CHARACTERISTICS • ' 

(A) LENGTH: 80 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(111) HYPOTHETICAL: No 
(iv) ANTI -SENSE: No 
(ix) FEATURE: 

-^iltSTo'f^^^^tSl'"'^ Polymerase Chain Reaction used to 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

^^I^ *<^~- -^^'^-C 50 

80 
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(9) INFORMATION FOR SEQ ID NO : 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 bases • 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: 

^ Other nucleic Acid: synthetic 

(iii) HYPOTHETICAL: No 
(iv) ANTI-SENSE: No 

(ix) FEATURE: . ^ 

(A) NAME/KEY: Primer for Polymerase Chaxn Reaction used to 

make mutein of humain SLPI . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CCCGGATCCT CAAACGCAGG ATTTCCCACA CATG 34 

(10) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 bases ^ 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(11) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(iii) HYPOTHETICAL: No 

(iv) ANTI- SENSE: No 

(ix) FEATURE: . . , ^ 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 

make mutein of human SLPI. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GGGCCATGGC CTTCAAAGCT (3GAGTCTGTC C 31 

(11) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(iii) HYPOTHETICAL: No 

(iv) ANTI -SENSE: No 

(ix) FEATURE: , . _ ^ 

(A) NAME/KEY: Primer for Polymerase Cham Reaction used to 

make mutein of human SLPI. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

GGGAGATCTC AATCCAGGCA TTTGATGCCA CAAGTGTC 38 

(12) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 80 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(iii) HYPOTHETICAL: No 
(iv) ANTI- SENSE: No 
(ix) FEATURE: 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 
make mutein of human SLPI . co 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

GGGCCATGGC AACAAGGAGG AAGCCTGGGA AGTGCCCAGT GACTTATGGC 50 
CAATGTAAGA TGCTTAACCC CCCCAATTTC ^^^^ ou 

(13) INFORMATION FOR SEQ ID NO: 12- 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 89 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 

(iii) HYPOTHETICAL: No 
(iv) ANTI -SENSE: No 
(ix) FEATURE: 

Primer for Polymerase Chain Reaction used to 
make mutein of human SLPI. ^5>^u 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GGGCCATGGG CTCTGGAAAG TCCTTCAAAG CTGGAGTCTG TCCTAAGAAA ^0 
TCTGCCCAGT GCAGACTTAG ATACAAGAAA CCTGAGTGC '^''^'^^^ ^0 

(14) INFORMATION FOR SEQ ID NO: 13- 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 89 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 

(iii) HYPOTHETICAL: No 
(iv) ANTI -SENSE: No 
(ix) FEATURE: 

n^^cl^L^^^^^^u' Polymerase Chain Reaction used to 

make mutein of human SLPI. uu 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

GGGCCATGGG CTCTGGAAAG TCCTTCAAAG CTGGAGTCTG TCCTAAGAAA 
TCTGCCCAGT GCAAGCTTAG ATACAAGAAA CCTGAGTGC ^^^^^^^ ^0 

(15) INFORMATION FOR SEQ ID NO: 14- 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
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(iii) HYPOTHETICAL: No 
(iv) ANTI- SENSE: No 
(ix) FEATURE: 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 
make mutein of hioman SLPI. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GGGGGGGAAT TCTCAAACGC AGGATTTCCC ACACATG 37 

(16) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(iii) HYPOTHETICAL: No 

(iv) ANTI -SENSE: No 
(ix) FEATURE: 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 
make mutein of human SLPI . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GGGGGGCCAT GGGCTCTGGA AAGTCCTTCA AAGCTGGAGT CTGTCCTCCT 50 
AAGAAATCTG CCCAGTGCAG AAGATACAAG AAACCTGAGT GCC 93 

(17) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: 

- Other nucleic Acid: synthetic 
(iii) HYPOTHETICAL: No 

(iv) ANTI -SENSE: No 
(ix) FEATURE: 

(A) NAME/KEY: Primer for Polymerase Chain Reaction used to 
make mutein of human SLPI . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GGGGGGCCAT GGGCTCTGGA AAGTCCTTCA AAGCTGGAGT CTGTCCTCCT 50 
AAGAAATCTG CCCAGTGCAA GAGATACAAG AAACCTGAGT GCC 93 

(18) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(A) Description: 

- protein. 

(iii) HYPOTHETICAL: No 

(v) FRAGMENT TYPE: internal fragment 

(vi) ORIGINAL SOURCE: 
(A) ORGANISM: human 



4 G 



BNSDOCIO <WO_9608275A1_L> 



wo 96/08275 



PCTAJS95/11445 



(F) TISSUE TYPE: nasal secretions 
(ix) FEATURE: 

(A) NAME/KEY: N- terminal sequence analysis of the 
naturally occurring inhibitor of mast cell tryptase that was 
purified from human nasal secretions. Sequence corresponds to 
an internal fragment of human SLPI beginning at residue number 
73 . 

(C) IDENTIFICATION METHOD: by experiment as well as by 
similarity to known sequence. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Xaa Leu Asn Pro Pro Asn Phe Xaa Xaa Xaa 

5 10 

(19) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(A) Description: 
- protein 

(iii) HYPOTHETICAL: No 
(V) FRAGMENT TYPE: N- terminal fragment 
(vi) ORIGINAL SOURCE: 
(A) ORGANISM: Hiiman 
(F) TISSUE TYPE: Nasal secretions 
(ix) FEATURE: 

(A) NAME/KEY: N- terminal sequence analysis of the 
naturally occurring inhibitor of mast cell tryptase that was 
purified from human nasal secretions. Sequence corresponds to 
the N-terminal sequence of human SLPI. 

(C) IDENTIFICATION METHOD: by experiment, as well as by 
similarity to known sequence. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Xaa Gly Lys Xaa Phe Lys Ala Gly Val Xaa 

5 10 

(20) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(A) Description: 
- protein 

(iii) HYPOTHETICAL: No 

(V) FRAGMENT TYPE: N-terminal fragment 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Human 
(ix) FEATURE: 

(A) NAME /KEY: N-terminal sequence analysis of the 
naturally occurring inhibitor of mast cell tryptase that was 
purified from humsm nasal secretions. 

(C) IDENTIFICATION METHOD: by experiment, as well as by 
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similarity to known sequence. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Xaa Gly Lys Xaa Phe Lys Ala Gly Xaa Xaa 

5 10 

(21) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: 
(A) Description: 
- peptide. 

(iii) HYPOTHETICAL: No 
(ix) FEATURE: 

(A) NAME/KEY: Synthetic peptide substrate used m the assay 
to measure the proteolytic activity of mast cell tryptase. 

(D) OTHER INFORMATION: actual peptide contains 2-amino- 
benzoyl (anthranilyl) (Abz) at the N- terminus and the modified 
amino acids p-nitrophenylalanine at position 7 and 
norleucine.at position 10. An NH2 group is at the C-terminus. 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

His Lys Ala Arg Val Leu Xaa Glu Ala Xaa Ser 

5 10 



(22) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 132 

(B) TYPE: amino acid 
( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: 
(A) Description: 
- protein 

(iii) HYPOTHETICAL: No 
(vi) ORIGINAL SOURCE: 
(A) ORGANISM: Human 

(ix) FEATURE: ^ ^ or «-r 
(A) NAME/KEY: Complete amino acid sequence of human SLPI 

(antileukoprotease) . 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Heinzel, R., Appelhans, H. , Gassen, G., 
Seemuller, U. , Machleidt, W. , Fritz, H. , and Steffens, G. 

(B) TITLE: Molecular cloning and ejq^ression of cDNA for 
human antileukoprotease from cervix uterus 

(C) JOURNAL: European Journal of Biochemistry 

(D) VOLUME: 160 

(F) PAGES: 61-67 

(G) DATE: 1986 



I 7 



<WO_9608275A1J_> 



wo 96/08275 ^ PCT/US95/11445 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Met Lys Ser Ser Gly Leu Phe Pro Phe Leu Val Leu Leu Ala Leu Glv 
■25 -20 -15 

Thr Leu Ala Pro Trp Ala Val Glu Gly Ser Gly Lys Ser Phe Lys Ala 

~5 1 5 

Gly Val Cys Pro Pro Lys Lys Ser Ala Gin Cys Leu Arg Tyr Lys Lys 

10 15 20 

Pro Glu Cys Gin Ser Asp Trp Gin Cys Pro Gly Lys Lys Arg Cys Cys 

25 30 35 

Pro Asp Thr Cys Gly lie Lys Cys Leu Asp Pro Val Asp Thr Pro Asn 
^° 45 50 55 

Pro Thr Arg Arg Lys Pro Gly Lys Cys Pro Val Thr Tyr Gly Gin Cvs 

60 65 70 

Leu Met Leu Asn Pro Pro Asn Phe Cys Glu Met Asp Gly Gin Cys Lys 

75 8 85 

Arg Asp Leu Lys Cys Cys Met Gly Met Cys Gly Lys Ser Cys Val Ser 

50 95 100 

Pro Val Lys Ala 
105 
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1. A method of treating a mast cell-mediated condition in a mammal, 
which comprises administering to said mammal an amount of a 

5 pharmacologically active fragment of SLPI or mutein thereof which is 
effective to treat said condition. 

2. The method of claim 1 wherein said SLPI fragment is the N-terminal 
domain of the SLPI molecule, or a portion thereof. 

10 

3. The method of claim 1 wherein said SLPI fragment is the C-terminal 
domain of the SLPI molecule, or a portion thereof. 

4. The method of claim 1 wherein said SLPI fragment comprises portions 
15 of both the N-terminal and C-terminal domains of the SLPI molecule. 

5. A method of treating the conditions of asthma and allergic rhinitis in a 
mammal, which comprises administering to said mammal an amount of SLPI 
or a pharmacologically active fragment or mutein thereof which is effective to 

20 treat said conditions. 

6. The method of claim 5 wherein a SLPI fragment is administered. 

7. The method of claim 6 wherein said SLPI fragment is the N-terminal 
25 domain of the SLPI molecule, or a portion thereof. 

8. The method of claim 6 wherein said SLPI fragment is the C-terminal 
domain of the SLPI molecule, or a portion thereof. 

30 9. The method of claim 6 wherein said SLPI fragment comprises portions 
of both the N-terminal and C-terminal domains of the SLPI molecule. 
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10. A method of inhibiting tiyptase, which comprises: 

contacting tryptase with an amount of SLPI or a pharmacologically active 
fragment or mutein thereof which is effective to inhibit the proteolytic activity 
of the tryptase. 

11. The method of claim 10, wherein said contacting step is conducted in a 
mammal manifesting a tryptase-mediated condition, for the purpose of 
treating said condition. 

12. The method of claim 10 wherein said tryptase-mediated condition is 
one of the following: asthma and allergic rhinitis. 

13. The method of claim 10 wherein a SLPI fragment having tryptase 
inhibitory action is employed in said contacting step. 

14. The method of claim 13 wherein said SLPI fragment is the N-terminal 
domain of the SLPI molecule, or a portion thereof. 

15. The method of claim 13 wherein said SLPI fragment is the C-terminal 
domain of the SLPI molecule, or a portion thereof. 

16. The method of claim 13 wherein said SLPI fragment comprises 
portions of both the N-terminal and C-terminal domains of the SLPI 
molecule. 



17. A method for identifying inhibitors of tryptase activity, comprising the 
following steps: 

(a) providing tryptase or tryptase-containing material having an 
assayable amount of enzymatic activity; 

(b) incubating said tryptase or tryptase-containing material with a test 
substance to be assayed for ability to modulate tr3rptase activity; 

(c) adding a tryptase substrate which is a synthetic pepHde comprising at 
least 10 amino acids and a detectable label; 
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(d) monitoring cleavage of said tryptase substrate as a function of time; 

and 

(e) determining the inhibitory effect of said test substance on trj^tase by 
comparing the cleavage of the substrate by tryptase in the absence and presence 
of test substance. 

18. The method of claim 17 wherein in said adding step, the tryptase 
substrate is selected from the group consisting of labeled forms of VIP, CGRP, 
PHM, and muteins thereof. 



19. A peptide selected from the group consisting of the amino acid 
sequences 57-107, 57-102, and 5-49 of human SLPI; the Leu-72-Arg and Leu-72- 
Lys muteins of the 57-107 and 57-102 sequences of himian SLPI; the Leu-iy-Arg 
and Leu-19-Lys muteins of the 5-49 sequence of human SLPI; the 5-102 

15 sequence of human SLPI and muteins thereof; and muteins of a fragment of 
human SLPI wherein said mutein has the amino acid sequence Ser-Gly-Lys- 
Ser-Phe-Lys-Ala-Gly-Val-Cys-Pro-Lys-Lys-Ser-Ala-Gln-Cys-Xaa-Leu-Arg-Tyr- 
Lys-Lys-Pro-Glu-Cys-Gln-Ser-Asp-Trp-Gln-Cys-Pro-Gly-Lys-Lys-Arg-Cys-Cys- 
Pro-Asp-Thr-Cys-Gly-Ile-Lys-Cys-Leu-Asp wherein Xaa is Arg or Lys (SEQ ID 

20 NO:l). 

20. A method of treating a mast cell-mediated condition in a mammal, 
which comprises: introducing DNA coding for SLPI or a pharmacologically 
active fragment thereof into said mammal, by means of a vector capable of 

25 delivering DNA to the cell nucleus, resulting in secretion of SLPI or an active 
fragment thereof. 

21. The method of claim 20 wherein the mast cell-mediated condition is 
asthma and the DNA-containing vector is introduced into the lung. 



22. The method of claim 20 wherein the mast cell-mediated condition is 
allergic rhinitis and the DNA-containing vector is introduced into the nose. 
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23. The method of claim 20 wherein the vector is selected from the group 
consisting of adenovirus, adeno-associated virus, retroviruses, and liposomes. 



24. The method of claim 20 wherein said DNA codes for SLPI. 

5 

25. The method of claim 20 wherein said DNA codes for a 
pharmacologically active fragment of SLPI. 

26. The method of claim 25 wherein said pharmacologically active 

0 fragment of SLPI comprises the N-terminal domain of the SLPI molecule. 

27. The method of claim 25 wherein said pharmacologically active 
fragment of SLPI comprises the C-terminal domain of the SLPI molecule. 

5 28. The method of claim 25 wherein said pharmacologically active 

fragment of SLPI comprises portions of both the N-terminal and C-terminal 
domains of the SLPI molecule. 
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